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INTRODUCTION 
As agricultural production of animal feeds is necessarily 
seasonal in nature, storage of these crops is required if the 
farm feeding practices are to continue throughout the year. 
Two prominent storage methods exist. One method followed is 
that of storing the high moisture crop in an air-tight con­
tainer. Another method is storage after drying the crop to 
a moisture content that is too low for the propagation of 
molds, bacteria and insects. 
The drying or curing method of crop preservation has been 
a common, profitable, farm practice for centuries. The most 
common practice is to encourage natural drying in the fields. 
The grain and forage crops are cut and piled or stacked in 
the field in such a manner as to permit air circulation through 
the material. The crops can be stored later as a result of 
the sun and wind action. 
More recently artificial drying has been used to reduce 
the weather hazard inherent in the natural drying method. Fans 
cause air to circulate through the crop after it has been 
placed in storage. Heated air driers are those that have 
provision for adding heat to the circulating air. Heated air 
driers are often used as batch driers and for continuous flow 
drying. Compared to the unheated air method, drying proceeds 
at a faster rate with the use of heated air. 
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The typical drier uses electric power for mechanical 
energy and liquified petroleum gas as a heat source. 
The use of LP-Gas for crop drier fuel is preferred be­
cause it undergoes complete combustion, thus eliminating the 
necessity of a heat exchanger in the drier. Lower over-all 
efficiency results when a heat exchanger is used with the 
heavier fuels to prevent carbon deposits in the dried crop 
material. Use of LP-Gas, however, requires greater fuel 
storage costs since the fuel must be stored and handled under 
pressures ranging up to 250 pounds per square inch. 
There are several reasons for the present use of electri­
cally driven fans in crop driers. For the assumed 15,000 
cubic feet per minute delivery against 3 inches of water 
pressure, 8.9 horsepower is required for a fan with an 80 
per cent efficiency. This comparatively low power require­
ment suggests wide use of electric motors for fan drives. 
The fact that the drying of crops is usually accomplished in 
a fixed position at the farmstead also encourages the use of 
electric power. However, rural power lines are usually 
single phase. This fact places a practical limitation of 
7.5 horsepower and 230 volts on the farm drier motor. 
In pursuing the development of higher capacity driers, 
it becomes apparent that some other powering device is desir­
able. The most probable power source would be an internal 
combustion engine. This type of engine, either in a tractor 
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or as an auxiliary unit of the drier, is mobile and capable 
of producing the increased power required. This engine has 
some disadvantages as a drier power source. It is a complex 
machine with many working parts and does not lend itself to 
automatic control. Moreover, its thermal efficiency is such 
that a fuel burner, as with the electrically powered unit, 
must be used to raise the air to common drying temperatures. 
Such a circumstance implies that a heat engine with low 
thermal efficiency would be most desirable as a power unit 
for drying. If an analysis is made of the energy distribu­
tion of the present heated-air farm crop drier, an unusual 
and unique energy distribution is revealed as compared with 
other farm machines. If one assumes a typical drier's out­
put as 15,000 cfm delivered against 3 inches of water pressure 
at a 90 degree temperature rise, the energy requirements are 
approximately 1.2 per cent mechanical output, referred to as 
thermal efficiency, and 98.8 per cent sensible heat output. 
As a class, gas turbine engines have a high waste heat 
output and can be logically considered as a drier power unit. 
The thermal efficiency of a gas turbine operating on a 
constant pressure cycle is expressed as 
where rp is the ratio of combustion pressure to exhaust pres-
thermal efficiency = 1 1 k-1 
k 
sure and k is the ratio of the specific heat constants. To 
give a low thermal efficiency the pressure ratio produced by 
the compressor can be low. Accordingly, it was expected that 
a low output gas turbine could be constructed as an inexpen­
sive crop drier power unit whose mechanical and thermal out­
puts could match the drier requirements. 
Several interesting possibilities arise in considering 
a gas turbine for drying. Because of the excess combustion 
air associated with gas turbines, complete fuel combustion 
could be expected from inexpensive, low grade fuels. The 
engine itself could be made very small and easily portable. 
Rather than have the gas turbine power a fan through speed 
reducing gears, the high velocity, high temperature exhaust 
from the turbine might be used to induce an air flow with the 
proper arrangement of a nozzle and a larger diameter tube. 
A project to investigate the action of a high velocity, 
hot gas producer, named a turbo-gasif1er, in inducing an air 
flow was initiated by the Iowa Agricultural Experiment 
Station. 
The project objectives were: 
(1) Analysis and evaluation of the gasifier-indue tor 
principle as a crop drier. 
(2) Possible development of an operating unit. 
This thesis is a report of investigations done under 
this project. 
5 
REVIEW OF LITERATURE 
A literature search was made for evidence of the matching 
of an air inductor with a gas turbine for crop drying. The 
search was divided into two portions. The first covered the 
work done in the field of drying methods while the second re­
viewed the developments in the gas turbine and inductor 
fields. 
Drying Methods 
Natural drying of foodstuffs and animal feeds has been 
practiced since ancient times. With the advent of ovens, 
artificial drying of foodstuffs came into being. Only re­
cently have animal feeds been considered for artificial dry­
ing. 
In northern Europe grain harvesting and hay making are 
long, tedious processes because of humid weather conditions. 
Natural drying is necessarily slow. The cut forage is usually 
raked from the damp ground and stacked on frames or over 
fences to favor maximum air flow through the material. Period­
ically, the hay is turned and restacked to insure uniform 
drying. The cereal grains are treated in a similar manner, 
the grain is cut in the field and stacked near the farmstead 
where it cures and dries out before threshing late in the 
season. 
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Under such laborious and uncertain conditions, it is not 
surprising that artificial drying of farm crops was first 
considered in the northern Europe - particularly in England 
and in Germany. 
There is a record of an English patent being given to a 
Mr. Dyson for a vertical stack hay stack drier (12) using un­
healed air. In 1868, Mr. W. A. Gibbs initiated a program of 
research and construction of heated air driers that lasted 
for several years (8). Gibbs must be considered the pioneer 
in English development of the farm crop drier. 
The Gibbs machine was a tray type drier, was expensive 
and required a large amount of labor. His later models were 
of the rotary drum type and were reported as vastly improved. 
Heat was provided from a special fire box mounted in front 
of a steam engine that drove a centrifugal fan. This fire 
box provided heat for drying and steam for operating the 
engine. Perfect combustion was claimed and the products of 
combustion passed through the rotary drum. This drier was 
successfully used for drying hay, tea, sugar, salt and rice, 
but was used mostly on what and oats. 
A public trial of drying systems was conducted in 1882. 
Included was the Gibbs machine using heated air, a suction 
blower called the Nielson system (unheated air) and a ventila­
tion system to which heated air could be added. Stacks of 
hay were used. The results are not recorded. 
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The first research project of the Institute of Agricul­
tural Engineering in England was to check the economy of farm 
crop drying (l). This research group was initiated at Oxford 
in 1924. The drier developed by this group was used to dry 
hay in the stack and was similar to present day models. The 
centrifugal fan and the fuel pump were driven by a farm 
tractor. Unheated air was also tried at this time (2) but re­
sulted in moldy hay. With heated air, the capacity was re­
ported as 20-25 tons in 8 hours with 5000 cfm., 30-60 degrees 
Fahrenheit temperature rise, and 2.5 inches water pressure 
rise. 
The advantages listed for crop drying about this time (3) 
were as follows : 
1. More opportune harvesting. 
a. Reduced loss to birds and vermin. 
b. Frees the land sooner in the year. 
2. Less damage and loss of crop. 
3. Greater feeding value of the crop. 
In Germany crop drying was proceeding along with the 
development of industrial driers. Hirsch, as cited in Drying 
of Agricultural Products (6), categorized and made annotations 
on methods of drying as follows : 
1. Flue gas - where the products of combustion were 
passed through the material. Hirsch cautioned that no un­
desirable chemical changes should take place in the material. 
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2. Hot air - where atmospheric air is heated to do the 
drying. It was pointed out that necessity of a heat ex­
changer lowers efficiency. 
3. Superheated steam - after steam is heated beyond its 
saturation point it will absorb more moisture. Hirsch 
thought highly of this method. 
4. Heated metal surfaces - familiar as an oven drier. 
There are also some reports of early attempts to dry 
farm crops in the United States. Tobacco curing is said to 
have started in 1830. However, no serious attempt was made 
to process animal feed crops until much later. 
The early forage and grain driers in the United States 
were akin to the present day dehydrators - a name that these 
driers carried in the early 1900s. Barr (5), in reporting 
the existence of 30 driers in the whole United States in 
1931, states that a U.S.D.A. group in Missouri constructed 
the first farm crop drier. This drier was built in 1910 and 
was of the conveyor type which carried the material over 
steam heated coils. 
In 1911, Arthur J. Mason built the first commercial 
drier at West Point, Mississippi. He later moved to Chicago 
where he made several more driers on a custom basis. Two 
other companies, Bayley Blower Company of Milwaukee and the 
Louisville Drying Machine Company of Louisville, built 
prototype driers in 1915 • 
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After a lull in drying enthusiasm, interest was revived 
with the coming of the combine to the eastern areas of the 
United States. The high moisture conditions and the frequent 
green, weedy material found in combined grain caused wide­
spread interest in the conditioning of grain for storage. 
A few years later a similar problem was encountered when 
attempts were made to combine rice in Arkansas and Louisiana 
(4). 
By 1925, Barr (5) describes driers as being of three 
types : 
1. Tray types - as produced by the Louisville Drying 
Machine Company and by the Randolph Company. 
2. Tunnel types - where a 150 ft. tunnel, 6 ft. wide, 
4 ft. deep held the hay while heated air was forced through 
at temperatures as high as 300° F. The Bayley, Mason, and 
Fulmer machines were of this type. 
3. Rotary drum driers - typified by the American, 
Ardrier and Hero machines - similar to the modern alfalfa 
dehydrators. 
By 1930, most of the Land Grant Colleges were experi­
menting with various phases of crop drying. One unique dry­
ing process was reported by Hurst and Humphries (11). An 
absorptive agent, an inert silica, was mixed with the crop 
and allowed to stand. Experimental results showed a moisture 
reduction from 20 per cent to 10 per cent in 96 hours. An 
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Interesting heat source is reported by Weaver and Wylie (18). 
Six hundred square feet of 28 gauge steel was placed a few 
inches above the barn roof. The air to the drying fan was 
drawn from under this improvised heater. Solar energy was 
thus used to give 12,000 cfm. a temperature rise of 10 to 
22° F. 
Hybrid seed corn growers were one of the first large 
groups to invest in commercial crop driers immediately before 
World War II. 
By 1946, the age of the farm crop drier had arrived. 
Several commercial companies were offering fans, motors, con­
trols, as well as complete driers, to the average farmer at 
a price that he could afford. 
In 19^ 8, Hukill (10) reviewed the types of driers as: 
natural and mechanical, heated or unheated air, direct or 
indirect heat, and continuous flow, semi-continuous or batch 
driers. 
No record was found of a drier powered by an engine whose 
mechanical and heat energy output would match the requirement 
of a heated air crop drier. 
No record of the use of an air inductor for forcing air 
flow through stored grain was found. 
Gas Turbines and Inductors 
Although turbines date from 200 B.C. when Hero of 
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Alexandria built a steam turbine (17)> the most work has been 
done in the last 50 years. Moss (14) has traced the develop­
ment of gas turbines from Barber's British patent in 1791 up 
to World War II. Moss also included a short summary of 
turbo-supercharger development and related it to gas turbine 
problems. In general, only large stationary gas turbines 
were built up to World War II when smaller gas turbines were 
fitted in military aircraft. After the close of the war, 
several companies placed on the market small gas turbines of 
100 horsepower or less. Some applications proposed at that 
time were air compressors, water pumps, auxiliary generator 
sets, automotive and marine power plants. 
The use of inductors as air pumps dates from the turn of 
the century when Korting Bros. in Germany produced steam-jet, 
air pumps for some years before 1902 (16). 
In an analysis of the single air ejector or inductor, 
Keenan and Neumann (13) pointed out that constant area mix­
ing of the primary and secondary streams is superior to the 
constant pressure mixing method. If a diffuser is not used 
only the constant area mixing process will permit the 
delivery of air against a static pressure greater than the 
static pressure of the secondary air. 
Tests conducted by Keenan and Neumann with primary and 
secondary air streams at the same temperature led to the 
following general conclusions : 
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1. The best position for the exit for a primary nozzle 
is only a short distance upstream from the throat of the 
secondary nozzle and that a position in the throat is practi­
cally as good. 
2. The best length of the mixing tube is slightly 
greater than 7 diameters. 
3. The ratio of secondary flow to primary flow increases 
rapidly with the ratio of mixing tube area to the nozzle-
throat area and decreases with an increase in the ratio of 
primary supply pressure to secondary supply pressure. 
The combination of gas turbine exhaust flow and an air 
inductor was envisioned during the early years of World War 
II as a thrust augmentation device for jet propelled aircraft. 
Sanders and Brightwell (15) show that the greatest thrust 
augmentation and consequently the most effective action of 
the inductor occurs at an initial secondary velocity of zero. 
Some work has been done in constructing inexpensive and 
low output gas turbines. Such a unit was constructed as a 
teaching aid in 1952 at the University of Washington (7). 
A turbo-supercharger was equipped with a combustion chamber 
between the compressor outlet and the turbine inlet. In 
action the turbine could only run the compressor, thus this 
unit could be classified as a hot gas producer or gasifier. 
No record of any previous attempts to use a gas turbine 
and an inductor as an air pump was found. 
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INVESTIGATION 
Analysis 
Inductor 
The gasifier-inductor configuration used for this analysis 
is illustrated in Figure 1. 
The symbols used, their units, and the abbreviations of 
their units are : 
1. V = velocity - feet per second, ft./sec. 
2. P = absolute pressure - pounds per square foot, 
lbs ./ft.2 
3. T = absolute temperature - degrees Rankine, °R. 
4. R = specific gas constant - feet per degree 
Rankine, ft,/°R. 
5. w = specific weight of fluid - pounds per cubic 
foot, lbs./ft.3 
6. W = weight rate of flow - pounds per second, 
lbs ./sec. 
7. U = internal energy - British Thermal Units per 
pound, Btu./lb. 
8. H = enthalpy - British Thermal Units per pound, 
Btu./lb. 
9. Cp = specific heat for constant pressure - British 
Thermal Units per pound degree Rankine, 
Btu./lb.-°R. 
10. Cv = specific heat for constant volume - British 
Thermal Units per pound degree Rankine, 
Btu./lb.-°R. 
11. g = acceleration of gravity - feet per second 
squared, ft./sec.2 
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12. J = heat equivalent of work - foot pounds per 
British Thermal Unit, ft.-lbs./Btu. 
13. k = ratio of specific heat constants, Cp/Cv, unit-
less . 
14. A = area - square feet, ft.2 
15. M = mass rate of flow - slugs per second, 
lb.-sec./ft. 
16. E = total energy - British Thermal Units per pound, 
Btu./lb. 
Subscript p refers to primary fluid flow. 
Subscript s refers to secondary fluid flow. 
Subscript o refers to fluid conditions outside the in­
ductor. 
Subscript 1 refers to fluid conditions at section 1. 
Subscript 2 refers to final fluid conditions at section 2. 
The primary fluid flow is created by the gasifier and is 
introduced into the throat of the mixing tube by a converging 
nozzle. The secondary flow occurs as a result of a pressure 
drop created at section 1 by the primary fluid flow entrain­
ing the surrounding air and carrying it down the mixing tube. 
A pressure rise due to the conversion of velocity head into 
static head occurs as the combined fluids flow from section 1 
to section 2. 
In developing an analysis of the inductor action the 
following assumptions were made : 
1. The working fluid is a perfect gas obeying the 
perfect gas laws. 
1 So 
SECTION I  ( INDUCTOR THROAT) SECTION 2 
COMBUSTION CHAMBER 
SECONDARY 
FLOW X 
w t-
£2 
o < 
— PRIMARY FLOW«2» 
INDUCTOR — 
NOZZLE_^ T 
MIXING TUBE 
Figure 1. Schematic diagram of gasifier-inductor configuration 
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2. Conduit friction is negligible. 
3. All processes are adiabatic. 
4. The mixing tube is of constant area throughout its 
length and complete mixing of primary and secondary streams 
occur within its length, 
5. The static pressure at section 1 is constant over 
the cross section. 
The analysis was directed toward the determination of 
values Vp1, Wpi, and Tpi for given final conditions V2, 
P2, T2, and W2 using standard atmospheric air as the second­
ary fluid. The following equations are applicable to flow 
through the inductor: 
(a) The continuity equation 
Wpi +WS1 = Wa , (1) 
(b) The momentum equation 
(Pa-Fi) A2 = HS1VS1 + MpiVp! - M2Va , (2) 
(c) The energy equation 
p^i + ®si = 2^ ' (3) 
The combination of Equations 1 and 2, the substitution 
of W2/g for M2, and the substitution of W2/w2V2for kz gave 
Wp (P2 - Pi) v2 - vsl 
+ • (4) 
W2 w2^ 2 (Vpi - vsl) vpl vsl 
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A low Wp/W2 ratio indicates a large, induced secondary 
flow. Such a low ratio results if the pressure rise from 
section 1 to section 2 is small, a large velocity difference 
between primary and secondary fluid streams exists, and a 
small velocity difference exists between the secondary flow 
and the final flow. These qualifications match quite closely 
a crop drier's characteristics of low static pressure output, 
a low atmospheric air velocity, and relatively low drying air 
velocities. 
Rewritten, Equation 3 gave 
W D , U p i  + ^  +  ^ ~ ) + W s  ( U s i  + ^ T  +  l i 7  
P2 Yz2 
= Wa ( U2 + + } . (5) 
w2J 2gJ 
Rewritten with the following substitutions 
wsiJ 
Usi + 31 = HS1 , 
Pi 
Up1 + Hpx , 
Wpi J 
Ua + w2J Ha ' 
= W2 - Wn , 
- HSl - Cp (T£ - TS1) , 
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Kpi Hgi Cp (Tpx Ts x) , 
Equation 5 became 
V 2gJC (Tg - Tgi) + 
P -  ^ . (6) 
W2 2gJCp (Tpi - TgJ + Vpi= - Vsi= 
Equations 4 and 6 are related to each other through the 
weight rate of flow ratio. 
(Pa - Pi)g V2 - VS1 
+ 
w2V2(Vp1 - Vsl) Vpx - VS1 
2gJcp(T2 - TS1) + V22 - Vsl2 Wp 
%JGp(Tpi - Tg J + Vp^  - Vs/ W2 
(7) 
In order to eliminate the secondary flow variables, an 
energy equation was written for secondary flow from the out­
side atmosphere to section 1, 
U0 + + _!sl . „B1 + + Jsil, 
w0-J 2gJ WS1J 2gJ 
It was assumed that VQ was a negligible quantity. Re­
arrangement gave 
VS1 =V2gJcp(T0 - Tsl) . 
The flow process from atmosphere to section 1 was assumed 
to be adiabatic and the following substitutions were made to 
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give Equation 8: 
T si 
k-1 
k 
Cp - Cy 
•o 
R 
'P = 
'v 
k 
Vsi y 2gTQR 
-fti 
k-1 h 
k (8 )  
Rewriting the secondary tempe rature-pre s sure relation 
between the outside air and section 1 gave : 
k-1 
*si - V 
k 
(9) 
Equations 8 and 9 were substituted into Equation 7 which 
eliminated the secondary values at section 1. 
Letting: 
X = 
k-1 
k 
Y2 , 2gT0R -^-(l - x) , 
Equation 7, expressed in its final condensed form, became 
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(P2 - Pi)g + W2V2CV2 - Y) 
- Y) 2 2' pi 
2gJGp(T2 - TqX) + V22 - Y2 
2gJCp(Tpi - To%) + Vpi= - Y= 
In order to find the relationships among the variables, 
numerical methods of evaluation were used. Desirable con­
stant final conditions (P2, T2, and Va) were assumed and the 
many combinations of P^ , Tx, and were determined by a 
process of assuming two of the values and solving for the 
third (see Appendix A). The weight rate of flow ratio could 
also be determined from these solutions. Several combina­
tions of the variables were plotted in Figures 2, 3, 4 and 5 
as an aid to analysis. 
One of the more critical variables seemed to be Pi. 
Figure 2 shows that for a high weight rate of flow ratio of 
10, an optimum is obtained at approximately 2110 pounds 
per square foot absolute pressure or at its equivalent of 
1.31 inches of water vacuum. (The term, optimum, was de­
fined as a condition where the least primary velocity would 
produce a given final velocity. Under the conditions of low 
inductor nozzle velocity, the mechanical power requirements 
of the gasifier is at a minimum. This condition was thought 
to be desirable in that a low thermal efficiency gasifier 
could be used.) As the weight rate of flow ratio decreases, 
Figure 2. Primary velocity requirements vs. inlet 
static pressures for four weight rate of 
flow ratios 
22 
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the optimum P^  more closely approaches the standard atmospheric 
condition used, 29.92 inches mercury and 60 degrees Fahrenheit. 
Additional calculation revealed an insignificant shift in 
the optimum pressure toward a greater vacuum as the weight 
rate of flow ratio increases above 10. There is no apparent 
shift in the optimum pressure with variation in the mixing 
tube outlet pressure, P2, as shown by Figure 3• In examining 
the other variables, a constant value for Px of 2110 pounds 
per square foot was used. 
In a plot of primary temperature versus primary velocity 
for various V2 and T2 values, it was observed that the value 
of vpi went through a minimum as V2 varied. In Figure 4-, a 
minimum value of Vpi was observed to fall at V2 value of 110 
feet per second for the given temperature and pressure condi­
tions . Figure 4 indicates that this minimum Vpi value is not 
markedly changed by various primary and secondary tempera­
ture values. Figure 5 indicates the shift in this minimum 
point with variations in outlet static pressure. 
Some explanation was needed for the existence of the 
double values for V2 at given Vpi values in Figures 4 and 5. 
It was suspected that a more or less linear relationship 
existed between Vpi and V2j that is, V2 would be expected to 
increase as Vpi increased. However, the weight rate of flow 
ratio variable was not included in Figures 4 and 5 and cal­
culations revealed that for each value of V2, there is a 
Figure 3 • Primary velocity requirements vs_. inlet 
static pressures for three exhaust 
pressures at two weight rate of flow 
ratios 
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4000 
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u_ 
2000 
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WR 
X 
000 
j _L 
2050 
P, , LB./FT 2 
Figure 4. Primary velocity requirements vs. exhaust 
velocities for varying temperature 
conditions 
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Figure 5- Primary velocity requirements vs. 
exhaust velocities for four exhaust 
static pressures 
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distinct weight rate of flow ratio associated with that value. 
Values of Wn/W2 are plotted on the 3 inches water pressure 
line in Figure 5 to illustrate this variation. The conclusion 
formed was that there are two possible primary to secondary 
area ratios to give a specific final temperature from a given 
primary temperature. 
After the determination of optimum values for of 2110 
pounds per square foot and for V2 of 100 feet per second, a 
primary temperature-velocity requirement chart was plotted. 
Figure 6 relates these input variables to the various desired 
output conditions. Of the output variables, only the tempera­
ture, a T2 of 125 degrees Fahrenheit, was independently 
selected. 
For final temperatures other than 125 degrees Fahren­
heit, the plot of Figure 6 will take a different form. The 
isopressure lines will have an increasing slope as the final 
temperature is raised and a decreasing slope as the final 
temperature is lowered. Weight rate of flow ratios of 2, 4, 
6, 8 and 10 are positioned as circles on the dotted lines for 
the two final temperatures other than T2 = 125 degrees 
Fahrenheit. It may be seen that for a constant weight rate 
of flow ratio, the primary velocity, Vp1, decreases as the 
primary temperature decreases. 
Figure 6 can indicate only in a limited way the effects 
as the variables change. The gasifier-inductor equations 
have a total of 8 interdependent variables; consequently, 
Figure 6. Primary temperature and velocity requirements 
for various typical crop drying conditions 
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a shift in one causes a very complex shift in the relation­
ship among the remaining 7. As an example, a drop in primary 
temperature and velocity would cause a drop in the weight 
rate of flow ratio at the same final static pressure, P2. 
Such an event would also result in a shift in static pressure, 
Px, which would vary outlet temperature, T2, and outlet 
velocity, V2. 
Figure 6 can be used to indicate the physical size of a 
gasifier-inductor. If the final condition of P2, T2, and W2 
are known or can be estimated, Figure 6 will give the re­
quired theoretical primary velocities and temperatures at 
various primary weight rate of flows. Figure 6 gives no 
specific answer to the question of correct dimensions for a 
gasif1er-induetor; but, does indicate combinations of primary 
flow characteristics that will be effective in producing a 
desired secondary flow. That is, a physically small gasifier 
producing a low primary weight rate of flow, Wp, would be 
required to deliver a high temperature, high velocity primary 
stream. For the same final weight rate of flow, W2, a 
physically larger gasifier could deliver at a lower velocity 
and temperature with equal effectiveness. Figure 6 is to be 
looked upon as an ideal or optimum relationship among the 
inductor variables. 
Gasifier development 
Because commercially produced gas turbines are very 
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expensive and have been developed for high thermal efficiency, 
it was decided to develop a low output gas turbine or gasi-
fier along the lines of Foss and Guidon (7) at the University 
of Washington. 
A surplus, military aircraft turbo-supercharger was pro­
cured to be developed into the gasifier. This unit was 
labeled as type C-21 made by the General Electric Company. 
The axial flow turbine and the radial air compressor were 
positioned on the same shaft and were approximately 15 inches 
in diameter. Two rolling contact bearings held the main shaft 
and were contained in a central housing. A gear pump, driven 
from a worm on the main shaft, served to circulate lubricant 
through the housing and to the bearings. 
Having served as a turbo-supercharger, the turbine half 
of the unit was not pressure tight. It was necessary to seal 
the stainless steel turbine housing inside the nozzle ring 
and also place a-seal between the heat barrier shield and the 
central housing. Figure 7 shows the seals in place on the 
disassembled turbine portion. 
Figure 8 shows the main housing. The lubricant pump was 
really two separate pumps. The first pump circulated lubri­
cant through nozzles to the bearings, while the second pump 
acted as a scavenger by pumping surplus lubricant from the 
main housing. An attempt was made to use the second stage 
pump to act as a fuel pump wherein the fuel would also be 
Figure 7• Disassembled turbine portion showing a 
welded pressure seal inside the nozzle 
ring and an aluminum cone seal between 
the heat barrier and main housing 
Figure 8. View of the main housing and the lubricant 
pump 
36 
37 
used to lubricate the gasifier. This arrangement proved to 
be inadequate for high fuel flow rates and was abandoned. 
S A E number 10 oil was used satisfactorily as the eventual 
lubricant. 
The centrifugal compressor and the accompanying diffuser 
are pictured in Figure 9. 
Figure 10 illustrates the general appearance of the turbo-
supercharger mounted on a stand and fitted with a specially 
machined drive hub to enable the use of a double V-belt drive 
for cranking purposes. 
Consideration of several factors was involved in the de­
sign of the combustion chamber. Of primary importance was the 
necessity of creating a favorable air-fuel ratio to support 
combustion at various operating speeds. It was expected that 
there would be considerably more air flow than that required 
for combustion. This excess was planned for use in cooling 
parts of the combustion chamber. Secondly, it was deemed 
undesirable to have flame pass through the turbine wheel. 
For maximum efficiency all heat should be generated in the 
high pressure portion of the gasifier which is upstream from 
the turbine. Turbine blade érosion might also be expected 
if exposed to the actual flame. As a consequence, the com­
bustion chamber should be long enough to contain the flame. 
A preliminary determination of air-fuel ratios was used 
to set the basic flow area pattern of the combustion chamber. 
Figure 9. Compressor impeller and diffuser 
assembly-
Figure 10. Assembled turbo-supercharger with V-belt 
drive hub 
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Cranking the compressor at its estimated operating speed of 
5000 revolutions per minute revealed an air flow rate of 2.4 
pounds per second (see Appendix B). Having assumed an even­
tual air delivery of 15,000 cubic feet per minute at a 90 
degrees temperature rise meant that a fuel combustion rate 
of 0.02 pounds per second would be required if kerosene were 
used with an 80 per cent heating efficiency. These figures 
gave an air-fuel ratio of 120 to 1 if all of the compressor 
air passed through the combustion chamber. In an attempt to 
reduce the air-fuel ratio to the chemically correct 15 to 1, 
a series of vanes and air flow dividers was used to bypass 
seven-eighths of the air around the actual combustion chamber. 
The final combustion chamber design used is pictured in 
Figure 11. The main features are stainless steel construc­
tion, overall length of 30 inches, and a deflector vane used 
to divert about three-fifths of the compressor air for com­
bustion and cooling. Provision was made for nearly two-thirds 
of this diverted air to bypass the cylindrical nozzle holder 
to provide combustion chamber wall cooling and to promote 
combustion turbulence. 
A conventional nozzle holder and burner nozzle were used. 
Figure 12 illustrates the four nozzles, igniter, and turbulence 
vane withdrawn from the cylindrical nozzle holder. All of 
the combustion air enters through a 3 inches by 3 inches 
square opening cut in the rear, bottom portion of the holder. 
IGNITER 
NOZZLE HOLDER 
DEFLECTOR 
VANE 
COMPRESSOR TURBINE 
Figure 11. Combustion chamber details 
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A small opening was provided on top of the holder to provide 
greater turbulence in the combustion chamber. Ignition can 
occur when a high voltage spark is caused to jump between 
the igniter points. 
Figure 13 shows the completed combustion chamber mounted 
on the turbo-supercharger. A converging nozzle for gathering 
the turbine exhaust gases is also pictured. 
The gasifier was mounted on the chassis of a conventional 
farm crop drier which had been stripped of its regular 
equipment. The existing 3 feet diameter duct became the 
mixing chamber for the inductor. 
The cranking problem proved to be a serious one. A gas 
turbine must be cranked at such a speed that the energy ob­
tained from the turbine is greater than the energy required 
by the compressor. The self-sustaining speed for this 
gasifier was later determined to be approximately 5000 revolu­
tions per minute. Motoring dynamometer tests indicated that 
17.5 horsepower was required for cranking at such a speed 
(see Appendix B). Early attempts at cranking with 12 volt 
electric systems and with tractor mounted hydraulic systems 
were abandoned in favor of a mechanical drive from a farm 
tractor. 
To realize a sufficient cranking speed, a variable speed 
gear box was mounted as an integral part of the drier, see 
Figure 14. This gear box was used to increase the speed 
Figure 12. Disassembled nozzle block and holder 
Figure 13. View of completed gasifier 
44 
45 
obtained from the tractor pulley. V-belts were used for 
power transmission. A tightner idler was placed on the V-
belts between the gear box and the gasifier to act as a 
clutch. When the gasifier has been successfully started, the 
tightner is released and the V-belts are removed from the 
compressor drive hub. 
Figure 15 indicates the position of the tractor for 
starting the gasifier. 
Several auxiliaries were added to facilitate gasifier 
operation. A tachometer was calibrated and attached to the 
lubrication pump drive to give instantaneous turbine shaft 
speed readings. A pressure regulator was installed in the 
fuel line to serve as a speed control as well as a shut-off 
switch. A pressure gage was mounted to indicate fuel pres­
sure . The relation between fuel pressure and speed is shown 
in Appendix C. A battery, a vibrator ignition coil, and a 
knife switch were used to create and control the high voltage 
spark required for ignition. 
Figure 16 shows the completed gasifier and controls 
mounted on its chassis and positioned relative to the mixing 
chamber. 
Inductor development 
The inductor parts were developed from readily available 
materials. The mixing tube was created from two 3 feet 
Figure 14. Cranking speed step-up gear box 
Figure 15. Tractor and drier cranking arrangement 
M 
Figure 16. View of positioned gasifier and 
auxiliaries 
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diameter sections of sheet steel. This total length of 6 
feet does not meet Keenan and Neumann1 s required length of 
7 diameters (13); but, it was felt that with the use of the 
conventional canvas duct to join the drier to the crop stor­
age structure plus the plenum chamber or distributor duct 
lengths within the storage structure, the desired length of 
21 feet could be closely approximated. Four inductor nozzles 
were constructed of steel pipe having diameters of 5-3/4, 4, 
3, and 2-1/16 inches. Each nozzle was designed to terminate 
exactly in the throat of the mixing tube. The nozzles were 
conical in shape, converging from the turbine outlet until 
the nozzle diameter was reached. 
Experiment 
Procedure 
The test objective was to measure the output from the 
inductor as a result of varying nozzle size and gasif1er 
speed. 
The most important test measurements to be made were air 
velocity and temperature. It was necessary to make these 
measurements with the least possible disturbance in flow; 
consequently, pitot tube traverses and iron-constantin 
thermocouple temperature measurements were deemed to be 
satisfactory measuring techniques. Water manometers were 
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used, with the pitot tubes and for static pressure indicators. 
To measure the output of the inductor delivering at 
different static pressures, a large steel tube measuring 2-1/2 
feet in diameter and 20 feet in length was fastened to the 
mixing tube through an aluminum converging section measuring 
8 feet in length. A butterfly type, throttle plate was posi­
tioned 14 feet upstream from the steel tube outlet to enable 
the raising of the inductor's exhaust pressure; yet, still 
permit the measurement of the relatively stable air flow at 
the tube's outlet. Fuel consumption was computed by timing 
the change in weight of the fuel barrel. 
Figure 17 locates the position and indicates the type of 
measurements taken. The following list identifies the 
symbols with a measurement and the instrument with which the 
measurement was taken: 
To atmospheric temperature thermometer 
vp velocity at nozzle outlet pitot tube 
TP 
temperature at nozzle outlet thermocouple 
Tf temperature at tube outlet thermometer 
Vf velocity at tube outlet pitot tube 
Tt temperature at throttle thermocouple 
Pt static pressure a.t throttle manometer 
Pi static pressure in inductor 
throat 
manometer 
Figures 18 and 19 show views of the test location and 
Figure 20 shows a view from the steel tube outlet looking 
To 
Figure 17. Location of test measurements 
Figure 18. General view of test site 
Figure 19. Broadside view of test equipment 
54 
55 
through the tube to the gasif1er nozzle. The throttle valve 
may be seen in the open position. The pitot tube and manometer 
for measuring final velocity is seen in the right foreground. 
The pitot tube arrangement for measuring gasifier 
nozzle velocity is shown in Figure 21. The tube is mounted 
on a cross shaft which may be controlled from outside the mix­
ing tube. A positioning device was located outside the mixing 
tube to permit definite traverse positions. 
After starting the gasifier, the actual test run pro­
ceeded as follows : 
1. The throttle valve was set to produce the desired 
inductor exhaust pressure. 
2. A three-position pitot tube traverse of the nozzle 
was completed including measurement of the static pressure 
in the nozzle blast. 
3• A thermocouple was placed in the center of the 
nozzle blast and the temperature read. 
4. The static pressures in the inductor throat, the 
mixing tube, and at the throttle plate were recorded. 
5. The temperature of the thermocouple at the throttle 
plate was recorded. 
6. The thermometer was read and a five position tra­
verse of velocity was made at the steel tube outlet. 
7- A time test for two pounds of fuel terminated the 
test. 
Figure 20. View through the steel tube toward the 
gasifier 
Figure 21. Gasifier nozzle pitot tube mounting 
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Results 
A summary of the test data is given in Table 1 for the 
5-3/4 inches diameter nozzle only. The gasifier performance 
data are presented in Table 2. 
The tube velocity figures in Table 1 are those occurring 
at the outlet of the steel tube. To correct these values to 
inductor exhaust velocities, the following relationship was 
used: 
WgAg 
The static pressure measurements showed little variation 
throughout the tests. The static pressure in the inductor 
throat appeared to be a constant .1 inches of water vacuum 
across the secondary flow portion of section 1. A variation 
in static pressure readings from 4 inches water vacuum in 
the center to .1 inches water at the edge was measured across 
the gasifier exhaust nozzle in section 1. No significant 
variation from these values occurred during the tests. 
Significant variation was observed in the velocity head 
across the primary nozzle. Readings were taken in one side 
of the circular cross section jet only (see Figure 21). The 
pitot tube was positioned to give an average reading of 
velocity in each of the three equal annular areas. Table 3 
compares the values obtained with fuel pressure and gasifier 
Table 1. Summary of test data8. 
Run 
no. 
Fuel 
pressure, 
psi. 
Tube exhaust 
pressure, Pf, 
" HgO 
Turbine 
speed, 
rpm. 
Nozzle, 
temp., 
Tp, °F. 
Throttle 
temp., 
Nozzle 
velocity, 
Vp, ft./sec. 
Tube 
velocity 
Vf, ft./sec. 
1 64 Atmos. 6000 1513 292 4l6 38.3 
2 60 Atmos. 6000 1488 — 445 36.4 
3 40 • 5 5400 1488 752 390 17.8 
4 30 Atmos. 5000 1492 290 313 26.5 
5 40 Atmos. 5300 1409 284 382 31.9 
6 45 Atmos. 6000 1352 280 366 — — 
7 60 Atmos. 6100 1269 302 407 40.7 
8 70 Atmos. 6200 1284 355 378 39.9 
9 100 Atmos. 7100 1369 347 462 41.4 
10 8o 
.5 68OO 1512 850 478 25.2 
A^tmospheric air was 68° P. for the first six tests and was 80° F. for the 
remaining tests. 
6o 
Table 2. Gasifier performance data 
Run 
no. 
Fuel 
pressure, 
psi. 
Turbine 
speed, 
rpm. 
Fuel 
consumption, 
gal./hr. 
Weight rate of 
air flow, 
lbs./sec. 
1 64 6000 1.51 
2 60 6000 I.63 
3 40 5400 1.43 
4 30 5000 22.0  1.14 
5 40 5300 1.46 
6 45 6000 — — 1.44 
7 60 6100 23.0 1.68 
8 70 6200 25-2 1.55 
9 100 7100 26.6 1.80 
10 80 68oo 26.5  1.73 
speed. The three velocity head values were averaged and then 
multiplied by the total nozzle area to obtain volumetric 
flow data (see Appendix D). 
Little variation in velocity profile was observed at the 
tube outlet. A five-position traverse giving average 
velocities over five equal areas showed a rather stable 
velocity profile for all tests* 
While previous experience indicated that the gasifier 
noise level might be uncomfortably high, actual operation 
on the test site relieved these fears. The noise produced 
6l 
Table 3• Nozzle velocity head profiles 
Velocity head values, inches 
of H20 
Fuel Turbine 
Run 
no. 
pressure, 
psi. 
speed, 
rpm. 
center 
area 
middle 
area 
outside 
area 
2 60 6000 14.0 13.5 11.0 
3 40 5400 11.0 9-5 7.5 
4 30 5000 7.0 6.0  5.0 
5 40 5300 11.0 10.0  7.0 
6 45 6OOO 11.5 7.5 7.5 
7 60 6100 13-0 11.0 10.5 
8 70 6200 11.0 10.5  8 .0  
9 100 7100 16.5  14.0 11.5 
10 8O 68OO 15.5 13.5 11.0 
did not seem to be much greater than that from a conventional 
electric driven crop drier. Operating speeds during the 
tests were not as great as those in the previous no load runs. 
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DISCUSSION 
Upon trial it became evident that the gasifier could not 
be self-sustaining if delivering against the back pressures 
of the k-inches diameter or smaller nozzles. While theory 
would indicate that combustion of greater quantities of fuel 
would increase the gasifier output, this action did not appear 
to be advisable for safety reasons. Although a limited amount 
of fuel was used, portions of the turbine housing would reach 
red hot temperatures within sixty seconds of ignition time. 
Because of the low primary velocities obtained, it was 
impossible to restrict the inductor outlet pressure to more 
than approximately 1/2 inch water pressure and still have 
enough final air flow to read. 
Of necessity, the data that were taken were often com­
pleted in a hurried manner. Under the high temperatures exist­
ing in the turbine portion of the gasifier, the stainless 
steel nozzle ring housing would expand laterally with the 
main shaft and cause interference with the rapidly rotating 
turbine wheel. Increasing the cold clearance between the 
turbine wheel and the nozzle ring to approximately one-eighth 
of an inch alleviated the condition only slightly. As a con­
sequence, it was necessary to accomplish all test readings 
within a two- or three-minutes time interval and then shut 
off the fuel to allow the gasifier to cool down. On most of 
the high fuel flow runs, the turbine wheel would be dragging 
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on the nozzle ring at the end of such a period. In addition, 
the pitot tube used for measuring the gasifier nozzle velocity 
was operating at temperatures around 150C degrees Fahrenheit 
and would warp unless retracted almost immediately from the 
hot blast. 
The data obtained were variable in nature. Figure 22 
presents a plot of inductor output velocity, V2, against the 
inductor nozzle velocity, Vpi. An equation was plotted for 
each of the two inductor outlet pressures by the least squares 
method. The relation between this line and the plotted 
points gives a measure of variability of the data. It was 
assumed that each curve passed through the origin. 
Figure 23 compares the final weight rate of flow, W2, 
obtained from experimental data with that obtained theoreti­
cally from the energy equation and the momentum equation. In 
three out of the four comparisons, the actual output from the 
inductor was greater than theory would indicate. In the 
fourth comparison, that of the momentum equation at a P2 of 
atmospheric pressure, the actual output fell significantly 
below the theoretical output. 
Of the two, the energy balance comparison must be 
accounted the more accurate. In the energy equation the 
temperature values have more influence than do the velocity 
terms. It is believed that the experimental thermocouple 
readings were accurate to within 2 or 3 degrees Fahrenheit 
Figure 22. Inductor final velocity, V2, vs.. primary nozzle 
velocity, VPjL 
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although the point of sampling may have been in error. The 
assumption was made that only minor temperature variation 
occurred across the tube outlet section and the inductor 
nozzle section. In each instance the temperature was read 
in the central portion of the air stream. It is possible that 
a temperature traverse would have given more reliable results. 
While the momentum equation comparison checked within 
20 per cent of the actual delivery at 1/2 inch water pressure, 
it differed greatly at an atmospheric outlet pressure. In 
this instance the static pressures are most influential in 
the solution for a weight rate of flow. Referring to Equa­
tion 8, the secondary velocity, VS1, is highly dependent upon 
the Pjl/Pq ratio. A very small change in the Px value will re­
sult in a very great change in VS1. VSl is called Y and 
occupies a very prominent place in the momentum equation. It 
is suggested that inability to make accurate readings of Px 
accounts for the wide disagreement between the flow rate pre­
dicted by the momentum equation and the rate actually obtained 
in the instance of P2 equal to atmospheric pressure. 
An energy accounting through the gasifier-induetor is of 
interest. Energy values were computed for the five runs 
where good fuel consumption data were available and are shown 
in Table 4. The most interesting figures are those for the 
efficiency through the mixing tube where four of the five 
efficiencies show values above 100 per cent. These results 
Table 4. Energy utilization 
Energy 
from fuel, 
Btu./sec. 
Energy at inductor 
nozzle Energy at inductor outlet 
Run 
no. Btu./sec. 
Per cent 
of fuel Btu./sec. 
Per cent 
of nozzle 
Per cent 
of fuel 
4 820 403.4 49.20 363.78 90.18 44.36 
7 856 504.0 58.88 551.84 109.49 64.46 
8 938 475.7 50.71 632.89 133.04 67.47 
9 910 589.3 64.75 638.61 108.36 70.17 
10 986 503.9 51.10 683.37 136.40 69.30 
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are consistent with the plotted points in Figure 23• Errors 
in measurement and non-typical measurements are thought to 
account for this impossible situation. It would appear that 
the significant losses occur as heat radiation, compressor 
loss, and turbine loss in the gasifier rather than in the in­
ductor proper. 
It should be noted that an energy distribution shift takes 
place in the inductor in that much of the primary flow velocity 
head is converted into heat. Whereas the output energy re­
quirement is roughly 2 per cent in velocity energy, the 
theoretical input velocity must be a greater per cent of the 
total energy. Selecting a point at random from Figure 6, 
(3 inches pressure, W2/Wp = 7, Tpi = 900 degrees Rankine, 
Vp1 = 1000 feet per second) the proportion of primary flow 
air velocity energy is 18 per cent of the total energy. It 
is suggested that this energy relationship explains the in­
ability of the converted turbo-supercharger to deliver the re­
quired air flow. 
A re-examination of the validity of the assumptions used 
in the inductor analysis gives a partial explanation of some 
of the discrepancies. 
It is well known that the perfect gas laws do not hold 
exactly for any real gas or mixtures of gases. In a practical 
sense, adjustment is made by varying the Cp values over the 
temperature range. Glaister and Smith (9) list the variation 
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of Cp for a fuel-air ratio of 0.03 as from 0.24 British 
Thermal Units per pound degree Fahrenheit at low temperatures 
to over 0.28 British Thermal Units per pound degree Fahren­
heit at temperatures of 1350 degrees Fahrenheit. Making this 
correction for Cp would tend to increase the theoretical final 
weight rate of flow. 
Conduit friction could not be measured with the test 
equipment. Friction losses are known to have decreased the 
final weight rate of flow because of many longitudinal baffles 
in the steel tube used for testing. 
The gas expansion processes could not be said to be truly 
adiabatic in that heat losses were noted radiating from the 
inductor. Their effect would be to reduce the final weight 
rate of flow in the actual case. 
The fact that a constant area tube was not used could 
produce an appreciable energy loss in the converging section. 
However, the reduction in area was quite gradual and the 
losses are thought to be minor. 
No measure of the completeness of primary and secondary 
stream mixing was made. If mixing were incomplete, the 
temperature readings would be most seriously affected. 
The assumption that the static pressure across section 1 
was a constant was proven wrong by a traverse of the inductor 
nozzle stream. While the numerical difference from the 
assumed value is slight, Pi is one of the most critical 
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variables in the inductor analysis and is sensitive to slight 
changes. The actual Px substituted into the theoretical equa­
tions to calculate a theoretical final weight rate of flow 
had a numerical value of 0.1 inch of water, which seemed to 
be completely valid across the secondary flow portion of 
section 1. If the lower pressures existing in the inductor 
nozzle stream affect the flow of secondary air, then the 0.1 
inch water vacuum is not low enough in actual value. Second­
ary flow into the inductor would be greater than calculated 
and a possible explanation is furnished for the greater-than-
theoretical weight rate of flow actually obtained. 
Some rather interesting and unexplained phenomena occurred. 
Occasional swift puffs of compressed air would blow back past 
the compressor to the outside atmosphere. This action 
followed no particular occurrence pattern. Perhaps related 
to this apparent variation in combustion chamber pressure 
were the fluctuations in velocity head from the gasifier 
nozzle. These fluctuations were unpredictable in nature and 
would approximate 4- inches of water in the extreme. Often 
mildly noisy duct vibrations could be heard issuing from the 
mixing tube which seemed to be related to the nozzle pressure 
fluctuations. It is suggested that uneven combustion caused 
these pressure fluctuations. 
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SUMMARY AND CONCLUSIONS 
The use of a low output gas turbine, called a gasifier, 
and an inductor was investigated for possible application as 
a high-capacity, heated-air, crop drier. 
The continuity equation, general energy equation, 
momentum equation and the perfect gas laws were used to de­
rive an equation of eight variables relating inductor entrance 
and outlet conditions. These variables were also related to 
the primary-final weight rate of flow ratio. 
Development of a gasifier was accomplished by adding a 
stainless steel combustion chamber to a turbo-supercharger. 
The exhaust chamber of the supercharger was sealed and fitted 
with a nozzle that terminated in the inlet of the inductor's 
mixing tube. Cranking power requirements were such that a 
farm tractor was required for starting the gasifier. 
Assigning typical output values for farm crop driers to 
the inductor equations led to the establishment of optimum 
inductor inlet pressure and outlet velocity values of 2110 
pounds per square foot and 100 feet per second respectively. 
A plot of the variables at these optimum pressure and velocity 
values was made to relate required gasifier output to desired 
inductor output. 
Tests were run to evaluate the use of the theoretical 
analysis for the inductor action. Because of limited gasifier 
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output, only a few tests were run at low Inductor outlet 
static pressures. The length of time for conducting individ­
ual tests was limited by the overheating characteristics of 
the gasifier. 
Test results indicated close agreement between the de­
rived equations and measured values. 
It was concluded that the gasifier-inductor configura­
tion is feasible as a crop drier. More development work is 
required for a satisfactory, inexpensive, and reliable 
gasifier. 
The following specific conclusions were drawn: 
1. Values of Pj_ equal to 2110 pounds per square foot 
and V2 equal to 100 feet per second are unique and optimum 
for the gasifier-inductor as a crop drier. 
2. The turbo-gasifier is a feasible power unit for the 
air inductor. 
3. The gasifier-induetor configuration is best adapted 
for high temperature air output against low static pressures. 
4. More than casual development work remains to use a 
converted turbo-supercharger as a gasifier for the inductor. 
5. The noise level from the gasifier was not objection­
able . 
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FUTURE POSSIBILITIES 
The results from the investigation point the direction 
for future development of the gasifier-inductor idea. 
Assuming typical drier characteristics as 15,000 cubic 
feet per minute delivered against 3 inches water pressure at 
125 degrees Fahrenheit, various physical dimensions may be 
placed on the inductor. In Appendix E the following values 
are determined : 
1. A constant area mixing tube 21 inches in diameter 
and 12 feet in length would be required. 
2. The gasifier should be capable of producing 2 pounds 
per second of primary air flow at a temperature of 950 degrees 
Rankine and a velocity of 1120 feet per second with a fuel 
consumption rate of 7.2 gallons per hour. 
3. At such flow rates the gasifier nozzle should be 
2.86 inches in diameter. 
Every effort should be made to keep the primary velocity 
from the gasifier as low as possible and still get the desir­
able final velocity from the inductor, as a lower thermal 
efficiency gasifier can then be used. 
A detailed look into the problem of getting and maintain­
ing a Px pressure of 2110 pounds per square foot over a range 
of gasifier operation would prove profitable. 
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APPENDICES 
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Appendix A: Sample Solution of the Theoretical 
Inductor Equation 
(?2 - PJS + W2V2(V2 - Y) 2gJCp(T2 - T^ X) + - Y' 
WgVaCVpi - ?) ' 2gJCp(Tpi - T^ X) + Vp^  - Y' 
W2 
k-1 fr) k where X = ' 
and Y = ^ 2gT0R-1^ |r- (1 - X ) 
Assume : Atmospheric conditions PQ = 2116.8 lbs./ft.2 
T0 = 520°R 
Constants g = 32.2 ft ./sec.2 
k = 1.4 
R = 53.3 ft./°R 
Cp = 0.24 Btu./lb. 
J = 778 ft.-lbs./Btu. 
Final conditions P2 = 3" of water = 2132.4 lbs./ft.2 
w2 = .065 lbs./ft.3 
V2 = 100 ft ./sec. 
T2 = 610 °R 
In addition to the above, assume a Px value of 2000 lbs./ft.2 
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( 2000 \ *286 
then X becomes f gll6 8 ) = 0,9838 
Y2 = 6,247,186.4(1 - X) = 101,204.41968 
Y = 318.1264 
Rewriting the equation with substitutions: 
wp _ 4263 + .065x100(100 - 318.13) 
w2 .063x100 (Vpi - 318.13) 
12,024fôl0-520(.9838)] 10,000 - 101,204 
-E— + 
12,024 jTpi-520( .9838)J Vpi2 - 101,204 
w* 431.92 1,092,318 
W2 Vpi - 318.13 12,024TP1 + VP12 - 6,252,321 
The first identity gives relationships between the 
various Vp1 values and the weight rate of flow ratios. The 
second identity can be rearranged to give : 
Vpi2 - 2528 Vpi 
= 453 -
12,024 
Using numerical methods the following table is obtained : 
W2An Vpi Tpi 
2.0 1180 353 
3.0 1611 576 
4.0 2046 535 
5.0 2473 465 
7.0 3388 293 
1.115 800 572 
1.578 1000 584 
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Ws/Wp Vpx TP, 
2.040 1200 589 
2.504 1400 589 
2.967 1600 580 
3.893 2000 545 
6.209 3000 339 
Appendix B: Cranking Power Tests 
Turbine speed Horsepower 
Weight rate of 
flow, pounds per 
3000 5.20 1.02 
4000 8.71 1.31 
5000 17.50 2.40 
The tests were run with no nozzle on the turbine outlet. 
Appendix C: No Load Speed Tests 
Fuel pressure 
30 
38 
% 
80 
120 
Rpm. 
4200 
5000 
Ô000 
7000 
8000 
11000 
Comment 
Appeared to be lowest self-
sustaining speed 
Wide fluctuations in 
pressure 
Wide fluctuations in 
pressure 
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Appendix D: Velocity Calculations from Pitot 
Tube Readings 
The general formula applicable to use with a pitot tube 
is derived from the general energy equation and is arranged 
as follows : 
pv = the stagnation pressure of the moving fluid, 
lbs./ft.2 
ps = the static pressure of the moving fluid, lbs./ft.2 
w = the specific weight of the fluid, lbs./ft.3 
g = the acceleration of gravity, ft./sec.2 
Where the temperature of the measured air was 250° F. and 
the pitot tube manometer read .2" of water, the following cal­
culations were used: 
in feet per second 
where 
0.2" of water = 1.04 lbs./ft.2 
v ,J 2 * 1-6» % 32.2 _ 34-5  
V .056 =3^.5 ft./sec. 
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Appendix E: Calculations for Dimensions of a 
Future Gasifier-inductor 
Assumed final conditions are: 
1. 15,000 cfm. air flow. 
2. 3 inches water static pressure. 
3. 125° F. final temperature. 
The required area for a final velocity of 100 ft ./sec. 
15,000 ft.3 x sec. x 1 min. = g _ ft 
min. 100 ft. 60 sees. 
The diameter for the mixing tube equals 21.4 inches. 
Using a seven-diameter length as optimum for the in­
ductor mixing tube length gives 7 x 1.784 ft. = 12.48 ft. 
The required final weight rate of flow is: 
2132.4 lbs. °R 15,000 ft.3 
X X X 
IS 
ft.2 53.3 585°R min. 
x —1 min-— = 17 lbs ./sec. 
60 sees. 
Examining Figure 6 reveals that for a selected weight 
rate of flow ratio of 8:1, a primary temperature of 950°R and 
a primary velocity of 1120 ft./sec. will give the desired 
final conditions. 
The primary flow rate becomes 17/8 or 2.1 lbs./sec. 
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The required area for the primary nozzle is : 
2.1 lbs. x ft.2 x 53-3 ft. x 950°R 
sec. 2116 lbs. °R 
X —HI: X M ^  - 6.45 in.2 . 
1120 ft. ft.2 
The inductor nozzle having an area of 6.4-5 in.2 will have 
a diameter of 2.86 inches. 
The energy required for producing the primary flow condi­
tion is : 
Bp = Wp Cp (Tpi - T0) + 
= 2.1 .24(950 - 520) + 1'2$4,400 
50,104 
= 269 Btu./sec. or 968,400 Btu./hr. 
With a heating value for kerosene of 134,000 Btu./gal., 
the required fuel flow rate would be: 
1,254,400 = y g gals./hr. 
134,000 
